As an important class of heterocyclic compounds, 1,3,4-thiadiazoles have a broad range of potential applications in medicine, agriculture and materials chemistry, and were found to be excellent precursors for the crystal engineering of organometallic materials. The coordinating behaviour of allyl derivatives of 1,3,4-thiadiazoles with respect to transition metal ions has been little studied. Five new crystalline copper(I) -complexes have been obtained by means of an alternating current electrochemical technique and have been characterized by single-crystal X-ray diffraction and IR spectroscopy. The compounds are bis- (4), and -benzenesulfonato-bis{-5-[(prop-2-en-1-yl)sulfanyl]-1,3,4-thiadiazol-2-amine}-dicopper(I) benzenesulfonate-methanol-water (1/1/1), [Cu 2 (C 6 H 5 O 3 S)(C 5 H 7 -N 3 S 2 ) 2 ](C 6 H 5 O 3 S)ÁCH 3 OHÁH 2 O, (5). The structure of the ligand 5-methyl-N-(prop-2-en-1-yl)-1,3,4-thiadiazol-2-amine (Mepeta), C 6 H 9 N 3 S, was also structurally characterized. Both Mepeta and 5-[(prop-2-en-1-yl)sulfanyl]-1,3,4-thiadiazol-2-amine (Pesta) (denoted L) reveal a strong tendency to form dimeric {Cu 2 L 2 } 2+ fragments, being attached to the metal atom in a chelating-bridging mode via two thiadiazole N atoms and an allylic C C bond. Flexibility of the {Cu 2 (Pesta) 2 } 2+ unit allows the Cu I atom site to be split into two positions with different metal-coordination environments, thus enabling the competitive participation of different molecules in bonding to the metal centre. The Pesta ligand in (4) allows the Cu I atom to vary between water O-atom and hexafluorosilicate F-atom coordination, resulting in the rare case of a direct Cu I Á Á ÁFSiF 5 2À interaction. Extensive three-dimensional hydrogen-bonding patterns are formed in the reported crystal structures. Complex (5) should be considered as the first known example of a Cu I (C 6 H 5 SO 3 ) coordination compound. To determine the hydrogen-bond interactions in the structures of (1) and (2), a Hirshfeld surface analysis has been performed.
Ligand-forced dimerization of copper(I)-olefin complexes bearing a 1,3,4-thiadiazole core Bohdan As an important class of heterocyclic compounds, 1,3,4-thiadiazoles have a broad range of potential applications in medicine, agriculture and materials chemistry, and were found to be excellent precursors for the crystal engineering of organometallic materials. The coordinating behaviour of allyl derivatives of 1,3,4-thiadiazoles with respect to transition metal ions has been little studied. (C 6 H 5 O 3 S)(C 5 H 7 -N 3 S 2 ) 2 ](C 6 H 5 O 3 S)ÁCH 3 OHÁH 2 O, (5). The structure of the ligand 5-methyl-N-(prop-2-en-1-yl)-1,3,4-thiadiazol-2-amine (Mepeta), C 6 H 9 N 3 S, was also structurally characterized. Both Mepeta and 5-[(prop-2-en-1-yl)sulfanyl]-1,3,4-thiadiazol-2-amine (Pesta) (denoted L) reveal a strong tendency to form dimeric {Cu 2 L 2 } 2+ fragments, being attached to the metal atom in a chelating-bridging mode via two thiadiazole N atoms and an allylic C C bond. Flexibility of the {Cu 2 (Pesta) 2 } 2+ unit allows the Cu I atom site to be split into two positions with different metal-coordination environments, thus enabling the competitive participation of different molecules in bonding to the metal centre. The Pesta ligand in (4) allows the Cu I atom to vary between water O-atom and hexafluorosilicate F-atom coordination, resulting in the rare case of a direct Cu I Á Á ÁFSiF 5 2À interaction. Extensive three-dimensional hydrogen-bonding patterns are formed in the reported crystal structures. Complex (5) should be considered as the first known example of a Cu I (C 6 H 5 SO 3 ) coordination compound. To determine the hydrogen-bond interactions in the structures of (1) and (2), a Hirshfeld surface analysis has been performed.
Introduction
As an important class of heterocyclic compounds, 1,3,4-thiadiazoles have a broad range of potential applications in medicine as antibacterial, antioxidant, antidepressant, antidiabetic, antifungal, anti-inflammatory and antitumor agents (Khan et al., 2010; Cressier et al., 2009; Li et al., 2014; Moshafi et al., 2011; Pattn et al., 2011; Lee et al., 2010; Xu et al., 2013; Zhang et al., 2014) . In agriculture, these compounds can be used as pesticides, insecticides and plant-growth-regulating agents (Gilden et al., 2010; Alves et al., 2012) . They have ISSN 2053 ISSN -2296 # 2017 International Union of Crystallography applications in materials chemistry because of their interesting optical and electronic properties (Tao et al., 2010; GranadinoRoldá n et al., 2011; He et al., 2010) . Due to their electrondeficient nature and good electron-accepting ability, 1,3,4-thiadiazoles were found to be excellent precursors for the crystal engineering of organometallic materials, possessing potential catalytic, luminescent, magnetic, nonlinear optic and other properties Trukhina et al., 2010; Higashihara et al., 2012) . Among these, heterometallic coordination polymers based on 1,3,4-thiadiazole-2,5-dithiolates show optical transitions with gaps varying from 1.90 to 2.24 eV, indicating their semiconductor properties . A three-dimensional supramolecular network compound (via interlayer -stacking interactions and strong hydrogen bonding), based on the cadmium complex with 2-amino-5-mercapto-1,3,4-thiadiazole, shows a blue photoluminescence in the solid state at room temperature (Zhang et al., 2007) . The aromatic 1,3,4-thiadiazole ring allows good -electron conjugation and the accompanying (in the case of amino or hydroxy substituents) proton-transfer and charge-transfer processes provide an excellent ability to promote the synthesis of heavymetal clusters. For example, the first known tetranuclear Cu I complex (CuÁ Á ÁÁCu = 2.74 Å ) of the azanide-type forms as a result of metal-induced deprotonation of 2-allylamino-5-phenyl-1,3,4-thiadiazole in acetonitrile under alternating current (ac) electrochemical conditions . Similarly, cobalt-induced reductive nucleophilic addition of 2-amino-1,3,4-thiadiazole to acetonitrile also shows deprotonation of the same amine N atom, resulting in the N-(1,3,4-thiadiazol-2-yl)acetimidamide complex (Deng et al., 2008) .
In recent years, specific attention have been paid to the investigation of copper(I) -complexes with allyl derivatives of heterocyclic compounds, since the simultaneous presence of a heterocyclic core and an allylic radical bonded to them plays an important role in the formation of unusual inorganic fragments . The contribution from the -dative (Cu!C C) -component of a Cu I -olefin bond to the tetrahedral ligand field leads to a splitting of the copperion d orbitals and brings about a considerable deformation of the initial tetrahedral copper(I) environment to trigonal pyramidal. Such a distortion of the copper(I) polyhedron is accompanied by an elongation of the Cu-L ap bond (ap is apical) compared to the Cu-(C C) and Cu-L bas bonds (where L bas are heterocyclic donor N, O or S atoms). Therefore, the apical position of the Cu I polyhedron becomes a selector of the coordinated inorganic anion, depending on the L bas atom nature (i.e. the type of heterocyclic core), solvent type and other basal co-ligands. For instance, in the structure of the copper(I) hexafluorosilicate -complex with 1-allylbenzotriazole, the first known example representing a direct Cu I Á Á ÁFSiF 5 2À interaction was observed {the apical position of the copper(I) polyhedron is occupied by an F atom of the bridging SiF 6 2À anion [Cu-F = 2.439 (2) Å ], while the basal positions are occupied by an allylic C C bond, a triazole N atom and a solvent water molecule} (Goreshnik et al., 2011) .
Taking into account the mutual presence of two neighbouring nucleophilic N atoms in the 1,3,4-thiadiazole ring and the electron-deficient nature of the core, the appearance of an allyl substituent on this ring should significantly influence its unusual coordination abilities. This assertion is confirmed by the recently studied structure of [Cu 2 (Mepeta) 2 ]SiF 6 ÁC 6 H 6 [Mepeta is 5-methyl-N-(prop-2-en-1-yl)-1,3,4-thiadiazol-2-amine], in which a Cu I Á Á ÁFSiF 5 2À interaction was also observed. Despite the fact that allyl derivatives of 1,3,4-thiadiazoles were first obtained more than a century ago (Pulvermacher, 1894) , their coordinating behaviour with respect to transition metal ions has been little studied. Overall, only a few copper(I) (CuCl, CuCF 3 SO 3 and Cu 2 SiF 6 ) -complexes with Mepeta and Phepeta [5-phenyl-N-(prop-2-en-1-yl)-1,3,4-thiadiazol-2-amine] have been synthesized and structurally characterized by X-ray diffraction and Raman spectroscopy (Ardan et al., 2013; Slyvka, 2015; Goreshnik et al., 2016) , and these only recently.
To fill the knowledge gap mentioned above and to explore the coordination behaviour of other allyl derivatives of thiadiazoles, such as Pesta, with respect to diverse copper(I) salts, we report the synthesis and structures of five new -complexes, namely [Cu(NO 3 
Experimental

General considerations
Unless mentioned otherwise, all chemicals were obtained from commercial sources and used without further purification. The 1 5-Amino-1,3,4-thiadiazole-2-thiol (Att) was prepared according to the literature procedure of Guha (1922) (see Scheme 2). 5-[(Prop-2-en-1-yl)sulfanyl]-1,3,4-thiadiazol-2-amine (Pesta) was synthesized in one step by stirring Att (20 mmol, 3.46 g) with 3-chloroprop-1-ene (23 mmol, 1.76 g) at 343 K in the presence of KOH (20 mmol, 1.12 g) in an ethanol solution for 8 h. The total yield was 92%. 
Syntheses of complexes (1)-(5)
Crystals of complexes (1)-(5) were obtained under alternating current electrochemical synthesis conditions (Mykhalichko & Mys'kiv, 1998) , starting with a water-acetonitrile or methanol-toluene solution of Mepeta or Pesta and the corresponding copper(II) salt.
2.3.1. Preparation of [Cu(NO 3 )(Mepeta)] 2 , (1). To an ethanol solution (2 ml) of Mepeta (1.1 mmol, 0.17 g), an ethanol solution (2.5 ml) of Cu(NO 3 ) 2 Á3H 2 O (1.0 mmol, 0.24 g) was added. The resulting dark-green solution was placed in a small 5 ml test tube and a cork was added fitted with copper-wire electrodes. An alternating current (frequency 50 Hz) of 0.45 V was applied for 7 d, during which time good-quality colourless crystals of (1) appeared on the electrodes. IR (nujol, cm À1 ): 3450 (m), 3215 (m), 2996 (m), 2392 (w), 1576 (m), 1509 (w), 1384 (vs), 1220 (m), 1043 (w), 976 (w), 942 (w), 898 (w), 826 (w), 785 (w), 717 (w), 676 (w), 620 (w), 544 (w), 514 (w).
Preparation of [Cu(BF 4 )(Mepeta)] 2 , (2).
To an ethanol solution (2 ml) of Mepeta (1.1 mmol, 0.17 g), an ethanol solution (2.5 ml) of Cu(BF 4 ) 2 Á6H 2 O (1.0 mmol, 0.26 g) was added. The resulting dark-green solution was subjected to an alternating current (frequency 50 Hz) at 0.42 V and, after 1 d, good-quality colourless crystals of (2) appeared on the copper-wire electrodes. IR (KBr, cm Table 1 Experimental details.
For all compounds, H atoms were treated by a mixture of independent and constrained refinement. Mepeta was refined as an inversion twin [absolute structure parameter = 0.27 (11)].
Mepeta
(1) 
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 1 . The Mepeta structure was refined as a racemic twin with a ratio of the components of 0.73 (11):0.27 (11). The amine H atom in Mepeta itself and the ligand amine H atoms in complexes (1)-(5) were derived from difference Fourier maps and refined with U iso (H) = 1.2U eq (N).
The water H atoms in (3)-(5) were derived from difference Fourier maps and refined with U iso (H) = 1.5U eq (O). The other H atoms were refined in ideal positions (riding model), with C-H = 0.99 (methyl and methylene) or 0.95 Å (otherwise) and U iso (H) = 1.5U eq (C) for methyl H atoms or 1.2U eq (C) otherwise. Some of the reflections, for which a considerable difference between the observed and calculated intensities were observed, were omitted from the final refinement cycles [4, 5, 1 and 3 reflections for (1)- (3) and (5), respectively]. In the Mepeta structure, the allyl group (atoms C7, C8 and C9) is disordered over two sites, with an occupancy ratio of 0.660 (6):0.340 (6). In (3), the allylsulfanyl group (atoms S12, C17, C18 and C19), together with Cu1, as well as the allyl group (atoms C27, C28 and C29), together with Cu2, are disordered over two sites, with occupancy ratios of 0.765 (6):0.235 (6) and 0.794 (7):0.206 (7), respectively. In (4), the allyl group (atoms C17, C18 and C19) is disordered over two sites, with an occupancy ratio of 0.616 (8):0.384 (8); the allyl group (atoms C27, C28 and C29), together with Cu2, is disordered over two sites, with a fixed occupancy ratio of 0.88:0.12 and the hexafluorosilicate F atoms (F3, F4, F5 and F6) are disordered over four sites, with an occupancy ratio of 0.426 (3):0.287 (3):0.172 (3):0.115 (3). In (4), the chemically equivalent bond lengths and angles involving the disordered C27, C28 and C29 atoms (as well as the disordered F3, F4, F5 and F6 atoms) were restrained to obtain similar geometries. In (5), two allyl groups (atoms C17/C18/C19 and C27/C28/C29) are disordered over two sites, with occupancy ratios of 0.80 (1):0.20 (1) and 0.66 (1):0.34 (1), respectively; one benzenesulfonate anion (atoms S3, O31, O32 and O33) is disordered over two sites, with an occupancy ratio of 0.644 (6):0.356 (6). The measured crystal of (1) appeared to be twinned by reticular merohedry, with two components rotated with respect to each other by $180 around the direct-space a axis. 974 reflections were overlapped, whereas 3705 and 3735 reflections were isolated for components (1) and (2), respectively. Data reduction was conducted taking into account both twin domains and an HKLF 5 file was produced. The final refined twin ratio for (1) was 0.4489 (8):0.5511 (8).
Hirshfeld surface analysis and fingerprint plots
The three-dimensional Hirshfeld surfaces (HSs) and twodimensional fingerprint plots for (1) and (2) were generated using Crystal Explorer (Wolff et al., 2012; Spackman & Jayatilaka, 2009 ).
Results and discussion
Mepeta crystallizes in the noncentrosymmetric space group Pna2 1 , with one molecule in the asymmetric unit (Fig. 1) . The C2-N3 and C2-N1 bond lengths are consistent with delocalization of the electrons between the thiadiazole ring and the N atom of the amino group. The C2-N1 bond length of 1.338 (3) Å is slightly shorter than a nominal C ar -N(sp (Table 2 ) with the thiadiazole N3 atom of the nearest molecule, forming an infinite hydrogen-bonded chain in the [100] direction (Fig. 2) . Neighbouring Mepeta molecules within the chain are twisted relative to each other by 89.33 (3) , thus enabling a larger allyl-group mobility in the space (d $ 6 Â 9 Å ) between the thiadiazole rings of the nearest chains. Therefore, the C atoms of the allyl groups are disordered over two sites [the site-occupation factors are 0.660 (6) for A and 0.340 (6) for B], so that the methene H atom (with a siteoccupation factor of 0.340) from one {Mepeta} 1 chain is connected to the thiadiazole N4 atom of the nearest chain by a weak hydrogen bond (C8B-H8BÁ Á ÁN4 iv = 2.38 Å ; Table 2 ). The dihedral angles between the plane of the thiadiazole ring and the N1-C7A and N1-C7B bonds of the allylamino group are 4.2 (4) and À10.2 (4)
, respectively. The doublebond distances C8A C9A and C8B C9B are 1.325 (10) and 1.412 (19) Å , respectively.
Crystals of (1) and (2) (see Scheme 3) are similar to the previously studied [Cu(CF 3 SO 3 )(Mepeta)] 2 -complex (Goreshnik et al., 2016) . The asymmetric unit contains one Cu I centre, one Mepeta ligand and one nitrate ligand in (1) or one tetrafluoroborate ligand in (2) (donoted An). The Mepeta molecule is coordinated to the metal centre via the two N atoms of the thiadiazole ring and the allylic C C bond in a chelating-bridging mode. The trigonal-pyramidal Cu I environment in the basal plane includes the N3 atom and the C C bond of one thiadiazole ligand and the N4 atom of another heterocyclic ring. The apical position of the metal coordination polyhedron is occupied by either weakly coordinating O or F atoms of NO 3 À or BF 4 À in (1) and (2), respectively. Therefore, two Cu I atoms are bridged by two neighbouring Mepeta molecules, connecting them into centrosymmetrical [Cu(NO 3 )(Mepeta)] 2 , (1), and [Cu(BF 4 )(Mepeta)] 2 , (2), dimers (Fig. 3) . The CuÁ Á ÁCu distance of 3.472 (2) Å in (1) and of 3.488 (2) Å in (2) are too long for a cuprophilic interaction (Lake & Willans, 2013) . Two thiadiazole rings from the same dimer are entirely coplanar. It is interesting to note that S-allyl derivatives of 1-aryl-substituted 1H-tetrazole-5-thiol have the same tridentate-chelate coordination mode, connecting two Cu I atoms by means of an allylic C C bond and two tetrazole N atoms into centrosymmetric {[Cu(L)(H 2 O)] + } 2 dimers (Slyvka et al., 2009 (Slyvka et al., , 2010 .
The strength of the Cu I -(C C) interaction is confirmed by the fact that the allylic C C bonds are slightly elongated The independent part in the Mepeta crystal structure. Displacement ellipsoids are drawn at the 50% probability level. 
Figure 2
The hydrogen-bonded chains (dashed lines) in the Mepeta structure.
Table 3
Selected geometric parameters (Å , ) of (1) and (2).
m is the mid-point of the C C bond.
Complex (1) Cu1-N3 The Cu I atom deviates from the base of the trigonal pyramid by Á = 0.132 (3) Å in (1) and 0.062 (2) Å in (2), while the angle between the C C bond and the basal plane is 11.3 (1) in (1) and 12.5 (1) in (2). This conclusion is also confirmed by the rather short Cu-m distances (m is the midpoint of C C bond) and the rather large C-Cu-C angles (Table 3) . (Fig. 4) . These chains are interpenetrated by a variety of C-HÁ Á ÁX contacts to produce a three-dimensional framework.
The organic-inorganic hybrid -complex (3) (see Scheme 4) crystallizes in the centrosymmetric space group P2 1 /c. The asymmetric unit contains two Cu I centres, two Pesta ligands, one bridging aqua ligand and two nitrate ligands. Similar to Mepeta, Pesta is coordinated to copper(I) via the thiadiazole N3 and N4 atoms and the allylic C C bond in a chelatingbridging mode. In contrast to the {Cu 2 (Mepeta) 2 } 2+ units in (1) and (2), two Cu I atoms in (3) are connected by two Pesta ligands into a noncentrosymmetric {Cu 2 (Pesta) 2 } 2+ unit (Fig. 5a ). The planes of the thiadiazole rings from the same dimer form a dihedral angle of 31.2 (1)
. The conformational flexibility of the dimer allows the Cu I atom site to be split over two positions with different coordination environments. The Table 4 Hydrogen-bond geometry (Å , ) for (1) and (2).
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Figure 4
The hydrogen-bonded array in the structure of the [Cu(BF 4 )(Mepeta)] 2 -complex, (2).
trigonal-pyramidal environments of atoms Cu1A and Cu2A [site-occupation factors = 0.765 (6) and 0.794 (7), respectively] in the basal plane include the C C bond and two N atoms of neighbouring Pesta ligands, while the apical positions are occupied by weakly coordinated O atoms of NO 3 À ligands (Table 5 ). The common apical position of the two trigonal pyramids of the other Cu1B and Cu2B pair [site-occupation factors = 0.235 (7) and 0.206 (7)] is occupied by a bridging aqua molecule. The distances from Cu1A and Cu2A to the water O atom of 2.835 (7) and 2.767 (7) Å , respectively, are significantly longer than the formally limiting distance (2.63 Å ; Slyvka et al., 2013 ) of a Cu-O ap interaction [in the case of copper(I) -complexes with allyl derivatives of heterocycles], but at the same time it is slightly shorter than the sum of the van der Waals radii of 2.92 Å (Bondi, 1964) .
The H atoms of the ligand amino group and the coordinated water molecule participate in X-HÁ Á ÁY (X and Y = N or O) hydrogen bonding with NO 3 À ligands, forming a threedimensional hydrogen-bonded network (Table 6) .
A similar {Cu 2 (Pesta) 2 } 2+ unit was found in the structure of (4) (see Scheme 5). The asymmetric unit contains two Cu I centres, two Pesta ligands, one bridging aqua ligand and one anionic SiF 6 2À ligand (Fig. 6a ). The planes of the thiadiazole rings from the same dimer form a dihedral angle of 28.3 (1) . The -complex [Cu 2 (SiF 6 )(Pesta) 2 (H 2 O)]Á0.5CH 3 CNÁ2H 2 O, (4), may be considered as a rare example of the direct Cu I -F(SiF 6 2À ) interaction. This interaction has been found previously in only two Cu 2 SiF 6 -complexes with 1-allylbenzotriazole, Abtr (Goreshnik et al., 2011) and Mepeta (Goreshnik et al., 2016) . Despite the fact that the SiF 6 2À anions are not directly coordinated to the Cu I atom, but form hydrogen bonds with the coordinated water molecules, the Pesta ligand allows the Cu I ion to be divided between two positions with water O-atom or hexafluorosilicate F-atom coordination ( Fig. 6a) , resulting in the splitting of one Cu Figure 5 (a) The independent part of the structure of (3) (Ardan et al., 2013) . One of the two disordered positions of the allylsulfanyl group and the metal atom in (3), i.e. with the lower site-occupancy factor, are shown in semi-transparent mode. Displacement ellipsoids are drawn at the 20% probability level.
Table 6
Hydrogen-bond geometry (Å , ) for (3).
water molecule, while the apical position of the Cu2B polyhedron is occupied by a weakly coordinated F atom of the SiF 6 2À anion (Fig. 6 ). For comparison, in a previously studied -complex of Cu 2 SiF 6 with Mepeta, viz. [Cu 2 (Mepeta) 2 (-2(H 2 O) 2 ]SiF 6 Á2.5H 2 O, the noncentrosymmetric {Cu 2 (MeMepeta) 2 } 2+ unit was also found (Fig. 5b ), but each Cu I atom is linked with a different apical water molecule (Ardan et al., 2013) . Moreover, two coordinated water molecules in the last case are located on the same side of the dimer unit [as was found for the NO 3 À ligands in (3); Fig. 5a ]. The H atoms of the ligand amino group in (4) are involved in N-HÁ Á ÁF hydrogen bonding with the F1 and F2 atoms of two neighbouring SiF 6 2À anions, connecting {Cu 2 (SiF 6 )-(Pesta) 2 (H 2 O)} units into hydrogen-bonded layers. The latter, by means of O-HÁ Á ÁO-and O-HÁ Á ÁF-type hydrogen bonds involving atoms of the coordinated and constitutional water molecules, are interpenetrated into a supramolecular structure ( Table 7) .
The structure most similar to [Cu 2 (Mepeta) 2 (H 2 O) 2 ]-SiF 6 Á2.5H 2 O is the -complex (5) (see Scheme 6) ( Fig. 6b) . Two O atoms of the benzenesulfonate ligand in (5) are bound to the two Cu I atoms of the same {Cu 2 (Pesta) 2 } 2+ unit, while the other benzenesulfonate anion is involved in N-HÁ Á ÁO hydrogen bonding with the ligand amine group. The tendency for the O atom to be bound simultaneously to the two metal atoms of the dimer appears to be common for dimeric {Cu 2 (Pesta) 2 } 2+ cations. Therefore, the sulfonate group of the anion in (5) is disordered over two sites (O31A/O32A/O33A and O31B/O32B/O33B), with an occupancy ratio of 0.644 (6):0.356 (6), and one O atom of the lower-occupancy unit plays the same role as the water molecule in (3), binding two metal centres. The planes of the thiadiazole rings from the same dimer in (5) form a dihedral angle of 34.4 (1)
. By means of a variety of N-HÁ Á ÁO and O-HÁ Á ÁO hydrogen bonds (Table 8) , the above dimers are connected into a hydrogenbonded framework (Fig. 7) . To the best of our knowledge, complex (5) The structural arrangement in -complexes (a) (4) and (b) (5). One of the two disordered positions of the Cu, C and F atoms in (4), and of the C, O and S atoms in (5), i.e. with the lower site-occupancy factor, is shown in semi-transparent mode. Displacement ellipsoids are drawn at the 30% probability level.
Table 7
Hydrogen-bond geometry (Å , ) for (4). Symmetry codes:
Table 8
Hydrogen-bond geometry (Å , ) for (5). (6) 2.00 (7) 2.790 (4) 164 (6) O51-H51BÁ Á ÁO32B 0.81 (7) 2.20 (7) 3.010 (11) 170 (6) O51-H51BÁ Á ÁO33A 0.81 (7) 1.84 (7) 2.641 (7) 168 (6) Symmetry codes: (1), as well as between Mepeta H atoms and tetrafluoroborate F atoms, can be seen in the Hirshfeld surface plots as the bright and pale-pink areas (Fig. 8a) . Fingerprint plots were produced to show the intermolecular surface bond lengths, with the regions highlighted for HÁ Á ÁO, HÁ Á ÁF and HÁ Á ÁS interactions. The contribution to the surface area for HÁ Á ÁH contacts is 27.7% in (1) and 24.4% in (2). The hydrogen-bonded array in [Cu 2 (SiF 6 )(Pesta) 2 (H 2 O)]ÁCH 3 OHÁ2H 2 O, (4). Displacement ellipsoids are drawn at the 30% probability level. 
Summary
The syntheses and crystal structures of 5-methyl-N-(prop-2-en-1-yl)-1,3,4-thiadiazol-2-amine (Mepeta) and five copper(I) -complexes with Mepeta and 5-(prop-2-en-1-ylsulfanyl)-1,3,4-thiadiazol-2-amine (Pesta) have been described. Mepeta itself crystallizes in the noncentrosymmetric space group Pna2 1 , with one molecule in the asymmetric unit. Both Mepeta and Pesta reveal a strong tendency towards the formation of dimeric {Cu 2 L 2 } 2+ fragments, being attached to the metal atom in a chelating-bridging mode via two thiadiazole N atoms and an allylic C C bond. The symmetry of the {Cu 2 (Mepeta) 2 } 2+ unit depends on the charge of the anion; centrosymetric units were found in the presence of singly charged anions and a noncentrosymmetric dimer was found in the case of the doubly charged SiF 6 2À ion. The flexibility of the {Cu 2 (Pesta) 2 } 2+ unit allows the Cu I atom site to be split over two positions with different coordination environments, thus enabling the competitive participation of different molecules in bonding to the metal centre. Pesta allows the Cu I ion to be divided between two positions with water O-atom or hexafluorosilicate F-atom coordination, resulting in the rare case of a direct Cu program(s) used to refine structure: SHELXL2014 (Sheldrick, 2015b) ; molecular graphics: OLEX2 (Dolomanov et al., 2009) ; software used to prepare material for publication: OLEX2 (Dolomanov et al., 2009) . Absolute structure: Refined as an inversion twin Absolute structure parameter: 0.27 (11)
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. N1-C7A-C8A-C9A −128.3 (6) C2-N1-C7B-C8B −174.0 (4) N1-C7B-C8B-C9B 130.5 (9) C2-N3-N4-C5 −0.1 (2) N3-N4-C5-S1 0.0 (2) C5-S1-C2-N1 178.47 (17) N3-N4-C5-C6 −179.6 (2) C5-S1-C2-N3 −0.01 (15) N4-N3-C2-S1 0.0 (2) C7A-N1-C2-S1 −174.1 (2) N4-N3-C2-N1 −178.39 (18) C7A-N1-C2-N3 4.2 (4) C2-S1-C5-N4 −0.02 (16) C7B-N1-C2-S1 171.5 (4) C2-S1-C5-C6
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( Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. Refinement. Refined as a 2-component twin. 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (
(2) Bis[µ-5-methyl-N-(prop-2-en-1-yl)-1,3,4-thiadiazol-2-amine]bis[(tetrafluoroborato)copper(I)]
Crystal data Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 2.029 (6) C18A-C19A 1.374 (9) Cu2B-N23
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (
Hydrogen-bond geometry (Å, º)
D-H···A D -H H···A D ···A D -
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (
1.962 (6) C18B-H18B 0.9500 Cu2B-C28B 2.028 (13) C18B-C19B 1.28 (3) Cu2B-C29B 2.02 (5) C19A-H19A 0.9500 S11-C12
1.736 (3) C19A-H19B 0.9500 S11-C15
1.746 (3) C19B-H19C 0.9500 S12A-C12
1.779 (3) C19B-H19D 0.9500 S12A-C17A
1.819 (4) C27A-H27A 0.9900 S12B-C12
1.596 (7) C27A-H27B 0.9900 S12B-C17B 129.1 (7) S12B-C17B-H17C 108.4 N24-Cu1B-Cu2B 66.39 (16) S12B-C17B-H17D 108.4 N24-Cu1B-O1 91.02 (19) H17C-C17B-H17D 107.5 N24-Cu1B-C19B 112.0 (7) C18B-C17B-S12B 115.4 (10) C18B-Cu1B-Cu2B 138.4 (4) C18B-C17B-H17C 108.4 C18B-Cu1B-O1 96.1 (4) C18B-C17B-H17D 108.4 C18B-Cu1B-N24
148.6 (4) Cu1A-C18A-H18A 92.3 C18B-Cu1B-C19B 36.7 (7) C17A-C18A-Cu1A 108.0 (3) C19B-Cu1B-Cu2B 154. 84.9 (3) C18A-C19A-Cu1A 71.0 (3) N23-Cu2B-N14 110.3 (3) C18A-C19A-H19A 120.0 N23-Cu2B-C28B 95.9 (4) C18A-C19A-H19B 120.0 N23-Cu2B-C29B 131.6 (13) H19A-C19A-H19B 120.0 C28B-Cu2B-Cu1B 138.0 (5) Cu1B-C19B-H19C 110.8 C28B-Cu2B-O1 93.0 (4) Cu1B-C19B-H19D 88.8 C28B-Cu2B-N14 153.3 (5) C18B-C19B-Cu1B 70.4 (13) C29B-Cu2B-Cu1B 152.5 (15) C18B-C19B-H19C 120.0 C29B-Cu2B-O1 104.5 (15) C18B-C19B-H19D 120.0 C29B-Cu2B-N14 115.9 (13) H19C-C19B-H19D 120.0 C29B-Cu2B-C28B 37.4 (13) S22-C22-S21 119.80 (15) C12-S11-C15 87.41 (14) N23-C22-S21 113.1 (2) C12-S12A-C17A 101.29 (17) N23-C22-S22 127.1 (2) C12-S12B-C17B 98.6 (5) N22-C25-S21 122.0 (2) C25-S21-C22 87.44 (13) N24-C25-S21 113.6 (2) C22-S22-C27A 100.77 (15) N24-C25-N22 124.4 (3) C27B-S22-C22
108.4 (4) S22-C27A-H27A 109.0 Cu1B-O1-H1A
107 ( 133.5 (2) C28B-C29B-H29D 120.0 C25-N24-N23 111.8 (2) H29C-C29B-H29D 120.0 S11-C12-S12A 121.24 (18) O11-N1-O12 120.7 (3) S12B-C12-S11 110.1 (3) O11-N1-O13 120.6 (3) N13-C12-S11 113.6 (2) O13-N1-O12 118.7 (2)
Hydrogen-bond geometry (Å, º) Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes.
sup-19
Acta Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. (6) 2.00 (7) 2.790 (4) 164 (6) O51-H51B···O32B 0.81 (7) 2.20 (7) 3.010 (11) 170 (6) O51-H51B···O33A 0.81 (7) 1.84 (7) 2.641 (7) 168 (6) Symmetry codes: (i) −x+1, y+1/2, −z+1/2; (ii) −x+2, −y+1, −z+1; (iii) x, −y+1/2, z−1/2; (iv) −x+1, −y+1, −z; (v) −x+1, −y+1, −z+1; (vi) −x+2, −y+1, −z+2.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (
